The effects of natural selection on the widths of the second (M2) and third (M3) mandibular molars in populations of Peromyscus leucopus were assessed by a comparison of fertile versus infertile individuals in each of three generations. i?ertility was scored in an all-or-none fashion: those mated pairs producing any progeny were considered fertile whereas those failing to produce progeny in a specified period of time were considered infertile. Directional selection was evident only for the M3 in the wild individuals; in all other combinations (of sex, generations, and molars), the variances of the infertile mice were greater than those for the fertile mice, indicating the presence of stabilising selection. Selection was more stringent both in the wild mice (compared to the laboratory-bred generations), and on the M, compared to the M5. Overall, the mean intensity of selection on the molars was O•l, and the mean change in relative fitness (/u) was 2 per cent. It was postulated that selection was acting through a correlation with body size, although body weights were not taken on the mice and thus this hypothesis could not be tested. Stabilising selection for an optimal intermediate tooth row length (and width) was invoked to explain the fact that in all cases the interdental correlations in the infertile individuals were higher than those for the fertile individuals.
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I. INTRODUCTION
ALTHOUGH the evolutionary literature abounds with studies demonstrating the existence of natural selection operative on a variety of quantitative characters, in few of these is the intensity of the selection estimated. The first adequate method for such an estimation was due to Haldane (1954) , but since that time other more refined methods have been developed by several investigators (Marcus, 1964; Van Valen, 1965a , 1967 O'Donald, 1968, l970a and b, 1971) . Generally these methods are based on a comparison of the basic statistics of the character of interest in "selected " and "unselected" segments of a population. Although both mortality and reproductive components obviously are involved in the selection process, in practice mortality has usually proved easier to assess, and thus in most previous studies the selected segment has represented the survivors from the original (unselected) cohort (Johnson, 1976) . Characters which do not change with age, good examples of which are dental dimensions in mam mals (Van Valen, 1963 , 1965b , have proven especially useful in such studies.
Dental dimensions (widths of the second and third mandibular molars) were the characters used in a previous study (Leamy and Bader, 1970) involving fertile and infertile populations of Peromscus leucopus. The infertile 25 mice generally exhibited greater variances than the fertile mice throughout three generations, and this was taken to be evidence of the existence of natural (stabilising) selection. It was originally suggested that this selection was most probably mediated through a correlated character such as body size (Leamy and Bader, 1970) , but since the age of the mice differed widely, body weights were not taken and thus this interpretation is speculative only. This paper is concerned primarily with the estimation of the intensity of selection, following the methods of O 'Donald (1968 'Donald ( , 1971 'Donald ( , 1972 , on the molar widths in these populations of mice. The estimates allow insight into the magnitude of selection which may be generated from fertility differences alone, and are interesting to compare with the more typical values obtained from mortaility differences.
MATERIALS AND METHODS
The Perom)scus leucopus utilised in this study originated from 89 individuals (50 males, 39 females) which were trapped from the wild during the Fall of 1965 (Leamy and Bader, 1968) . Thirty-three single pair matings of these wild (W) mice were made to produce the F1 generation, each of 21 pairs eventually succeeding in producing one to three litters. Those pairs failing to produce progeny within 4 months from the time of mating were remated among themselves (some females also were mated with surplus males), and if 2 months later (total of 6 months) they still were unsuccessful in producing progeny, they were considered infertile. In most cases, however, they were allowed to remain in the cages up to 12 months before being sacrificed, so that 6 months should be considered as the minimal amount of time allowed for the testing of fertility.
Most (though not all) F1 progeny also were single-pair (and randomly) mated in order to produce the F2 generation. This time those pairs failing to produce progeny within a minimum of 4 months (rather than 6 months as before) from the time of mating were considered infertile. A total of 60 pairs of F1 parents, six of the pairs consisting of F1 females with original (wild) males, were successful in producing up to five litters each. Many of these F2 progeny were eventually mated as above in order to produce the third and final generation. Again, failure to produce progeny after 4 months was the criterion for infertility. Fertile F2 pairs (total of 131), seven of which consisted of F2 females and original (wild) males, were sacrificed after they had produced a minimum of four offspring each.
A total of well over 1000 mice from 212 families were produced, aided by a general trend of increased numbers per litter as well as numbers of litters/pairs throughout the three generations (Leamy and Bader, 1970) .
Originally three offspring were randomly chosen from each family in order to estimate the heritability (by regression of offspring on parents) of the widths of the second (M2) and third (M3) mandibular molars (Leamy and Bader, 1968) . Thus, although all the wild mice were mated, many of the F1 and F2 (and all of the F3) individuals were used as offspring only, and were not "tested" for fertility. In the present study, only those mice tested as parents (whether fertile or infertile) in each of the three generations, are considered.
Both the left and right M2 and M3 widths were measured in microns with a Gaertner travelling microscope. The mean of the two sides (rather than either single side) of each molar is used throughout the analysis, although it should be mentioned that the single sides exhibited trends virtually identical to that of the combined mean. Asymmetries (right minus left differences) also were examined, but showed no significant differences (P >0 05) in either their means or variances in fertile versus infertile individuals throughout the three generations. The widths of the molars are essentially constant after eruption into the oral cavity, so that even though the age of the mice differed widely, growth was not a biasing factor.
Of the several methods available for the estimation of selection intensities of quantitative characters (see Johnson, 1976) , those devised by O'Donald (1968, 1971, 1972) seemed most appropriate. Van Valen's methods (1965a, 1967) are based on a somewhat unrealistic truncation model in which the preselection distribution is necessarily assumed to be normal. O'Donald's formulations are more general, the shape of the preselection distribution being described by the second (V), third (p3), and fourth (p4) moments about the mean. O 'Donald (1968, l970a) has derived expressions for the intensity of selection (I) assuming fitness decreases in proportion to the square of the deviation of the character from its optimum ("quadratic fitness function"):
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Here V = the variance of the character, A and A V represent the difference in the mean and variance, respectively, between the before and after selection segments (after minus before) of the population, and 0 = the "optimum" value or class of the character.
This formula is quite valid for stabilising selection, or a combination of stabilising and directional selection. If only directional selection is present (AV = 0), however, it is conceivable that the "optimum" value is not even present, and the above expression is not appropriate (O 'Donald, 1968 'Donald, , 1970a . This expression also normally is not applicable if there is disruptive selection, for the model assumes that there is only one optimal class.
O 'Donald (1970a and b) also has developed another expression for assessing the effect of selection. This expression is V/iD2, where V = the variance in relative fitness, and 2 = the square of the mean relative fitness. O'Donald (l970b) has shown that V!ü'2 = Ath/th, so that this measure of selection describes the proportionate increase in mean fitness. The essence of Fisher's (1930) "Fundamental Theorem of Natural Selection " is that the rate of increase in fitness (AiD) is equal to the genetic variance of fitness (Ath = V/iD, where th is standardised to 1), so that the equation above represents a simple modification of this theorem. At any rate, expressions for AiD/iD analogous to those for I have been developed by O 'Donald (1970a and b) for the different fitness functions. For stabilising selection (or stabilising plus directional selection), and assuming a quadratic fitness function:
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where the symbols are the same as before. For directional selection only with the quadratic fitness function, the third and fourth moments about the mean are not required (O 'Donald, 1973 ):
The means (and sample sizes) of the widths of the M2 and M3 for the fertile and infertile mice of each sex in each of the three generations are presented in table I. Sample sizes in some combinations for the separate sexes are slightly less than those given previously (Leamy and Bader, 1970) (18) 8222 (48) 8386 (118) I 8455' (12) 833'O (30) 8389 (64) ** = P < 0.01.
for the combined sexes since in the original study some mice with only a single molar present (rather than both sides) were utilised. Because of this, the means (and variances) of the subsamples of mice used in this study do differ from those of the original study, although in most instances the differences are slight. Although the extent of sexual dimorphism in the means of both the M2 and M3 of these mice also is slight (Leamy and Bader, 1968) , it did reach significance, and therefore the sexes are treated separately throughout the analysis. Among the wild mice of both sexes (table 1), the means of both teeth are larger in the infertile individuals although this trend reverses in the F1 generation for males, and in the F2 for females. In individual t tests among the 12 fertile-infertile combinations, only that for the M3 in wild females reached significance (P <001). There is a trend, although not a perfect one, in the fertile individuals for both molars (especially the M3) to increase throughout the three generations, whereas in the infertile mice, molar means generally decrease.
Least-squares analyses of variance of both molars in the separate sexes, the results from which are given in table 2, confirm that the only overall significant fertility difference between means is in the M3 for females. Both molars in females also exhibit a significant fertility-generation interaction, but none of the sources of variation for males reaches significance. Detectable directional selection, then, would seem to be limited to one sex, molar, and generation. The situation for the variances (table 3) is somewhat different. Although only two of the 12 comparisons of variances reached significance in individual (one-tailed) F tests, the overall tendency clearly is for the variances of the infertile individuals to be greater than those for the fertile individuals (stabilising selection). The exception to this occurs in the wild females where destabilising selection (though not significant) is present for both molars. Bartlett's test revealed no significant differences (P > 0.05) among the variances irs either molar or sex throughout the three generations, so pooled values are also included in the table. Two (M3 in males, M2 in females) of the four comparisons of these pooled values show significant (P<005) F tests, and that for the M2 in males generates a fairly low probability (P = 0.12).
Comparison of variances among the six combinations of fertility and generations in each molar and sex was also accomplished by a statistical test recently devised by Grant and Herr (1975) . Essentially this test involves subdividing each of the cells into subsamples of not less than three, calculating the log of the variance of each subsample, and then performing a standard analysis of variance on these transformed values. Because of the unequal numbers of variates per cell in the present data, resort was made to a stepwise regression programme in which fertility was "forced" in as the first variable (Herr, personal communication). The only significant M.S. in the two-way analyses of variance was for generations in the M3 for males, but the fertility category for both molars in males nearly reached significance (P = 007 in both cases). The fertility x generation interaction for both molars in females also was close to significance (P = 008 and 0.09), presumably because of the reversal of the variance pattern from W to the F1 and F2 generations. These results seem sufficiently similar to the above to offer a corroboration of the overall tendency towards stabilising selection.
Correlation coefficients between the M2 and M3 widths for the fertile and infertile individuals of each sex throughout the three generations are presented in table 4. Sample sizes also are included since in some combinations there is a slight reduction from the numbers previously given (table 1).
The most obvious feature of these data is that the correlations for the infertile mice exceed those for the fertile mice in all six instances, two of the comparisons reaching statistical significance (P <0.05). Even the wild females exhibit this pattern, and since they previously showed destabilising selection (table 3), this suggests that the correlation trend is not merely a consequence of the variance differences. Correlations for each of the four combinations of sex and fertility showed no significant differences through the three generations (in x2 tests, P>005), so that pooled values also are given. The difference between the fertile and infertile individuals is even more nicely shown by these pooled values, although neither comparison quite makes statistical significance (P 0.10 and 0052, respectively, for the males and females). Another feature of these data, again especially apparent in the pooled values, is that males exhibit higher correlations than females.
Estimates of the intensities (I) of selection, and the change in mean relative fitness (Lth/th) for each combination of sex, age and molar are given in table 5. O 'Donald's (1968 'Donald's ( , 1970a expressions (1) and (2) previously explained were used in all cases except that for the wild females. Since   TABLE 5 Estimates of the intensity of selection (I) and the change in mean relative fitness (z/th) using fertility as the criterion of selection for the .M2 and Al, in male and female mice of each of the three generations In all instances the pooled fertile and infertile individuals were taken to represent the "before selection" populations whereas the fertile individuals were used as the " after selection" populations. The intensities of selection (table 5) range from O02 to 0-18 with an overall mean level of nearly 0-1. Most of the ziZ/th values are considerably (but typically) lower than the intensities, the only exception being that for the M3 in wild females. It will be recalled that this was the only combination which showed a significant (P <0-01) difference between fertile and infertile means (table I) , this large difference generating the very high value (0.20) for ith/th. There are two apparent, although not perfect, trends in the I and 1th values: they tend to decrease through the three generations, and they are generally higher for the M3 than for the M2.
In other words, selection is more stringent on the wild mice, relaxing somewhat in the laboratory, and the M3 more than the M2 seems to be the focus of this selection.
4. Dxscuss'o The results of the present analysis clearly indicate that selection via differential fertility, previously detected (Leamy and Bader, 1970) in the Peronsyscus populations, is exerting an appreciable force on the molar widths.
Fertility itself was assessed in an all-or-none fashion (mandated by both theoretical and practical considerations) within generations, and therefore the estimates of selection intensity are of course applicable only to a part of the total selection cycle (Prout, 1969) . Net selection effects on the molars between generations could not even be assessed both because selection decreased throughout the three generations, and since theoretically the heritabilities of both molars would have to be 1 for any such estimations across generations (O 'Donald, 1968) .
Although the heritabilities of the widths of both molars obviously were not 1, they were rather high (0.6 overall), increasing from 0 in the first generation to about 08 by the third generation (Leamy and Bader, 1968) .
Some increase would be expected from the relaxation of selection during the three generations, although not one nearly of this magnitude (Scharloo, 1964; Scharloo et al., 1967) . The low heritabilities in the first generation very likely are under-assessments caused by the presence of a genotypeenvironmental interaction between natural and laboratory environments. Full-sib intraclass correlations calculated for this generation only, in fact, imply heritabilities of 06 (M2) and 05 (M3). A good part of the increase from these levels to the final one of 08 probably can be accounted for by the uniform laboratory environment in which the mice were reared, so that overall it must be concluded that the genetic variance of both molars was consistently high throughout the three generations.
Since the fertility mean square in the analysis of variance reached significance for the M3 in wild females (and nearly also did for the same comparison in males), directional selection does seem to be present in the wild mice for at least this molar. However, the .th/th value of0l96 for the wild females undoubtedly is inflated as a result of the small sample sizes involved, and if the sexes are pooled, the new combined zi/th value decreases to a more credible 0044. Sampling error in these same wild females also may have caused the greater variances (for both molars) in fertile compared with infertile individuals whereas all other combinations exhibited the opposite trend (stabilising selection). Presumably also, the mice trapped from the wild had already experienced a period of stringent natural selection via mortality, and thus the survivors (both fertile and infertile) might be expected to exhibit less variability than individuals in subsequent laboratory generations.
The mean level of intensity of the selection on the Peroriyscus molar widths was 010, implying that fitness would be increased by I/(1 -I) = II per cent if all individuals were at the optimal (molar width) value (O 'Donald, 1970a) . The mean Lzi/th value of 002 (calculated in part using the value of 0044 above), however, is somewhat more useful in that it describes the percentage increase (2 per cent) in fitness which actually has been realised as a result of selection. In so far as is known, this is the first time such estimates utilising this criterion (mating success versus failure) of selection have been made for any quantitative character, but a number of estimates derived from other criteria are available for comparison. For example, O'Donald (l970a) calculated an 1 value of 009 for molar widths from young versus old rats (Van Valen and Weiss, 1966) , and an I value of 0l2 (M/z = 0.10) for selection acting on the number of Arctic Skua chicks fledged from different clutch sizes (O 'Donald, 1972) . Other values are summarised in Johnson (1976) , and although the validity of all such comparisons is necessarily limited, they do suggest that the general level of selection on the Perornyscus molars is impressively high for differences generated only from differential fertility.
It is difficult to imagine a functional reason why selection via fertility of this intensity would be directly concerned with altering characters such as molar widths. It seems far more plausible to postulate, as was done previously (Leamy and Bader, 1970) , that selection is instead operating on some character such as body size to which molar widths are pleiotropically related. Although in the present case this hypothesis cannot be tested, intermediate-sized individuals of several species often have been found to be physiologically best suited for mating (see Scheiring, 1977 , for a recent example). The high heritability of both molars also argues against their direct involvement with selection, although the expected reduction of the genetic variance of these characters is less if the number of loci governing the characters is great (Crow and Kimura, 1970; Bulmer, 1971) . None the less, eventual fixation of genes is the result of stabilising selection provided that fitness is determined by the deviation of individuals from the mean (Robertson, 1956 ). However, if extreme deviates are selected against because they are more homozygous (homeostatic model) genetic variation is maintained (Robertson, 1956) . Actually this homstatic model was previously invoked (Leamy and Bader, 1970) for both molars (because their predominantly statistically additive genetic variance implied classical additivity as well), but of course any such interpretation of the cause of this selection must remain speculative.
The consistent pattern of differences in the magnitude of the M2-M3 correlations between the fertile and infertile individuals fits quite well some theoretical predictions made by Van Valen (1962) . In a study involving the lengths and widths of all six pairs of molars in a population of Peronzyscus leucopus, Van Valen (1962) was able to deduce the presence of a factor (perhaps the amount of substance available for development of the dental lamina) which limits the length of the total tooth row to some optimal intermediate value. Further, since the dental correlations he observed showed the relative independence of the late-developing third molars (M3s) from the first two anterior molars, presumably these M3s (both upper and lower) would bear the brunt of such accommodation to the optimal value or range. If the limiting factor is assumed to be stabilising selection, individuals whose M2 and M3 widths are both large, or both small, would be selected against, and they would therefore exhibit higher interdental correlations than those individuals selected for (Van Valen, 1962) . This, of course, is precisely the direction of the pattern exhibited by the fertile and infertile Peromyscus, and although other explanations are possible, this hypothesis does seem most plausible. Another implication of this hypothesis, incidentally, is that the intensity of any such selection on the molars should be greater for the M3s than for the M2s, against exactly as was found in this study.
